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SUMMARY 

The SiF4-Na r e a c t i o n  system h a s  been s c a l e d  up t o  a r e a c t o r  i . d .  of  

13 cm; t h e  c a p a c i t y  of t h e  Na ch ip  f e e d e r  h a s  a l s o  been inc reased .  The 

s y s t e m  can now produce 5-kg ba tches  of r e a c t i o n  prodc-t  (mixed S i  and 

N a F > a t a p r o d u c t i o n  ra te  of 1.2 kg S i  pe r  hour. 

The melt-separat ion systsm has  been modified t o  r o u t i n e l y  m e l t  

5-kg batches of  mixed r e a c t i o n  product f ed  i n  a cont inuous mode a t  a 

production rate of 0.5 kg S i  pe r  hour. 

Support s t u d i e s  of S i  coalescence show NaOH may be  added t o  t h e  NaF 

m e l t  i n  amounts up to  5 ut% b e f o r e  t h e r e  is any tendency f o r  t h e  S i  t o  

form l a r g e  drops r a t h e r  t han  a s i n g l e  pool. 
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PREFACE 

The JPL Low-Cost S i l i c o n  S o l a r  Array P r o j e c t  is sponsored by t h e  

U.S. Department of Energy and forms p a r t  of t h e  S o l a r  Pho tovo l t a i c  

Conversion Program aimed a t  t h e  development of low-cost s o l a r  a r r a y s .  

The work r epor t ed  here w a s  performed f o r  t h e  Jet Propuls ion Laboratory,  

C a l i f o r n i a  I n s t i t u t e  of Technology, by agreement between NASA and DOE. 

Th i s  r e p o r t  was prepared as an account of work sponsored by t h e  

United S t a t e s  Government. Ne i the r  t h e  United S t a t e s  no r  t h e  United 

S t a t e s  Department of Energy, nor any of t h e i r  employees, nor any of t h e i r  

c o n t r a c t o r s ,  s u b c o n t r a c t o r s ,  or t h e i r  employees, makes anv warranty,  

expressed o r  implied,  o r  assumes any legal l i a b i l i t y  o r  r e s p o n s i b i l i t y  

f o r  t h e  accuracy, completeness,  or u s e f u l n e s s  of  any information,  appa- 

r a t u s ,  product o r  p rocess  d i s c l o s e d ,  o r  r e p r e s e n t s  t h a t  i ts use  would 

not i n f r i n g e  p r i v a t e l y  owned r i g h t s .  
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TASK 1 

SiF4-Na REACTION 

A. Sol id  Na Feed 

Current work on t h e  r e a c t i o n  between gaseous S i F  and s o l i d  Na h a s  4 
proceeded w i t h  t h e  fol lowing o b j e c t i v e s :  

0 Obtain d a t a  needed € o r  p l a n t  design by s c a l i n g  up t h e  
r e a c t i o n  t o  produce g r e a t e r  amounts of r e a c t i o n  product.  

0 I n c r e a s e  r e a c t i o n  rate and o v e r a l l  S i  product ion rate. 

0 I n c r e a s e  t h e  e f f i c i e n c y  of t h e  r e a c t i o n  s o  t h a t  less 
unreacted Na and l e s s  Na2SiF are produced. 6 

0 Produce l a r g e  amounts of r e a c t i o n  product f o r  u s e  i n  
s t a d i e s  of S i  recovery by m e l t  s e p a r a t i o n  (Task 2 ) .  

Th2 progres s  made toward a t t a i n i n g  t h e  above o b j e c t i v e s  can b e s t  

be discussed i n  terms of t h e  development work on a scaled-up r e a c t o r .  

The e f f e c t s  of r e a c t o r  scale-up on r e a c t o r  performance are summarized i n  

Table 1. AP advantage demonstrated by i n c r e a s i n g  t h e  r e a c t o r  t o  its 

present  s i z e  (13 cm i . d . )  is t h e  increased product ion rate c3mpared w i t h  

t h e  previous 7-err! r e a c t o r .  Of s p e c i a l  s i g n i f i c a n c e  i s  t h e  l a r g e  decrea-e  

i n  r e s i d u a l  N a  i n  t h e  r e a c t i o n  product.  As shown i n  Figure 1, t h e  i m -  

provement i n  Na u t i l i z a t i o n  may be seen  by examining t h e  e f f e c t  of t h e  

sodium a d d i t i o n  rate on t h e  amount of unreacted sodiun i n  t h e  r e a c t i o n  

products.  I n  a l l  runs ,  the r e a c t o r  was maintained a t  a minimum temper- 

a t u r e  i n  t h e  range of  400°C t o  450°C. The r e s u l t s  f o r  t h e  7-cm r e a c t o r  

were taken from t h e  work r epor t ed  i n  ou r  Q u a r t e r l y  Report No. 13. I n  

t h a t  r e p o r t ,  w e  a s c r i b e d  t h e  d i f f e r e n c e  i n  t h e  behavior of sodium when 

fed a s  s l i c e s  and c h i p s  t o  d i f f e r e n c e s  i n  t h e  surface-to-volume r a t i o  of 

t h e  sodium; t h a t  i s ,  t h e  g r e a t e r  t h i s  r a t i o ,  t h e  f a s t e r  and more complete 

t h e  r e a c t i o n .  I n  t h e  13-cm r e a c t o r ,  unreacted sodium was not  d e t e c t a b l e ,  

even f o r  a sodium-addition r a t e  of about 1 4  g Na/min. 

t h e  7-cm r e a c t o r  would have t o  be operated a t  a rate less than about 

2 g Na/min t o  ach ieve  complete r e a c t i o n  of t h e  sodium. 

By comparison, 
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Table 1 

EFFECr OF SCALE-UP ON REACTOR PERFORMANCE 

Reactor Chzracteristic 

Design parameter 

Diamezer, cm 
Height, cm 

Sodium dispenser capacity 

Slices, kgff illing 
Chips, kg/f illing 
Pellets, kgffilling 

Perf ormanc ea 

Reaction product, kglbatch 
Silicon, kgfbatch 
Reaction rates, kg Silhr 
Unreacted sodium w t X  

7-Cm Reactor 

7 
60 

1.3 
0.35 
0.85 

1.5 
0.15 
0.1 
10 

13-Cm Reactor 

13 
60 

- 
0.7 - 

5.0 
0.5 
1.2 
0 

a Reactor temperature 4OO0C, Na chip feed. 
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FIGURE 1 13-cm REACTOR FOR THE SiF4-Na REACTION: SOLID Na FEEDING TECHNIQUE 

3 



The bet ter  performance of t h e  l a r g e r  r e a c t o r  is undoubtedly due t o  

t h e  h ighe r  temperature  of t h e  r e a c t i o n  zone; t h e  h i g h e r  temperature  

promotes a faster  and hence a more complete r e a c t i o n  between t h e  S i F  

and t h e  sodium. 

r a t i o  of r e a c t o r  s u r f a c e  t o  r e a c t o r  product volume i n  t h e  l a r g e r  r e a c t o r .  

I n  f u r t h e r  s c a l e  up, w e  expect  t h a t  t h e  h ighe r  r e a c t i o n  temperature 

ach ievab le  i n  l a r g e r  r e a c t o r s  w i l l  have t h e  fo l lowing  advantages:  

4 
This  h ighe r  temperature  is a consequence of t h e  small  

o Much h ighe r  sodium-addition rate w i l l  be p o s s i b l e ,  w i t h  
complete u t i l i z a t i o n  of sodium. 

0 The h ighe r  r e a c t i o n  temperature w i l l  i n c r e a s e  t h e  e f f i c i e n c y  
of s i l i c o n  product ion by dec reas ing  t h e  tendency t o  form 
Na2SiF6 as a by-product. 

B. t teactor Design 

The design of t h e  new 13-cm r e a c t o r  is shown i n  Figure 2 .  I n  

a d d i t i o n  t o  i t s  l a r g e r  s i z e ,  t h e  new r e a c t o r  d i f f e r s  from t h e  7-cm reac- 

t o r  ( Q u a r t e r l y  Report No. 1 3  page 4 )  i n  two ways: (1)  t h e  sodium d i s -  

penser w a s  enlarged and modified t o  provide f o r  g r a v i t y  feed r a t h e r  than 

pushing t h e  sodium upward, and (2) t h e  i n t e r i o r  g l a s s  s u r f a c e s  of t h e  

d i spense r  were coated w i t h  a t h i c k  layer  

m e t a l l i c  contamination of t h e  sodium. Experience gained wi th  t h e  p l a s t i c  

screw f e e d e r  shown i n  Figure 1 i n d i c a t e d  e x c e l l e n t  performance when t h e  

f eede r  was working p rope r ly  but a l s o  revealed a tendency f o r  t h e  f e e d e r  

t o  j a m  whenever t h e  ma l l eab le  sodium a c c i d e n t a l l y  lodged i n  t h e  space 

between t h e  Pyrex w a l l  and t h e  o u t e r  t h read  of t h e  D e l r t n  screw. 

Although this feed technique is  a t t r a c t i v e  because i t  l ends  i t se l f  t o  

automation, s t u d i e s  t o  jmprove t h e  technique were postponed i n  f avor  of  

a s imple r  procedure. The c e n t r a l  h o r i z o n t a l  rod was r e t a i n e d ,  t h e  plas-  

t i c  screw ijds completely removed, and 3 p l a s t i c  “hoe“ b l ade  was a t t a c h e d  

t o  t h e  rod. The b l ade  r e a d i l y  permit ted normal c o n t r o l  f o r  f eed ing  

sodium ch ips  t o  t h e  r e a c t o r  a t  a cons t an t  rate. 

of epoxy r e s i n  t o  prevent 

A s  desc r ibed  i n  Quar t e r ly  Report No. 13,  when Na s l i c e s  were f e d  

t o  the  r e a c t o r  one a t  a t i m e ,  t h e  sodium a d d i t i o n  r a t e  was c o n t r o l l e d  

by al lowing enough t i m e  f o r  t h e  S iF  p r e s s u r e  t o  r e t u r n  t o  1 atm, thus  4 
i n d i c a t i n g  compl.etion of t h e  r e a c t i o n .  I n  t h e  13-cm r e a c t o r ,  Na is being 

4 
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fed t o  t h e  r e a c t o r  only i n  c h i p  form a t  a cons t an t  r a t e  s o  t h a t  t h e  SiF4 

flow r a t e  was maintained a t  a constant  va lue ,  t y p i c a l l y  2 .8  Liters SiF4/ 

min. The SiF4 flow rate  was measured wi th  an e l e c t r o n i c  flowmeter 

(P rec i s ion  Flow Devices, Model PFD-112, maximum flow rate  of 10 l i ters /  

min). 

feeding t h e  output of t h e  e l e c t r o n i c  flowmeter t o  an e l e c t r o n i c  i n t e -  

g r a t o r  (Tylan Corporat ion,  Model FMT-3) &.id r eco rd ing  t h e  ou tpu t  of 

t h e  i n t e g r a t o r .  

The t o t a l  volume of SiF4 flowing t o  t h e  r e a c t o r  w a s  obtained by 

C.  Sodium Prepa ra t ion  

The sodium ch ips  were prepared by feeding 0.5-lb (225 g) b locks  of 

sodium (6-cm-diameter rod c u t  l o n g i t u d i n a l l y )  t o  a food proces:-,or u s ing  

a blanket  of argon t o  minimize contact  w i th  atmospheric oxygen and 

moisture.  Two food p rocesso r s  were used f o r  chipping t h e  sodium. I n i -  

t i a l l y ,  a k i t chen  p rocesso r  (Hamilton Beach) wi th  a g r a t i n g  attachment 

w a s  used t o  prepare t h e  ch ips .  The food processor  chopper attachment 

was then used t o  make p e l l e t s  from the  chips .  For u s e  i n  t h e  scaled-up 

r e a c t o r ,  w e  used a heavy-duty food processor  (Robot Coupe) w i t h  e i t h e r  of 

two g r a t i n g  attachments:  

coa r se  ch ips ,  

p rocesso r s  a r e  shown i n  Figure 3. 

" ca r ro t "  f o r  f i n e  c h i p s  and "co le  slaw" f o r  

The s ize  and shapes of t h e  sodium ch ips  prepared i n  the food 

D. Reactor Procedure 

The procedure used f i r  a t y p i c a l  run wi th  t h e  13-cm r e a c t o r  is as 

follows : 

1. 

2. 

3. 

The 2yrex r e a c t o r  i s  assembled with an inne r  n i c k e l  l i n e r  
(13 cm diam. x 60 cm) which i s ,  i n  t u r n ,  l i n e d  wi th  
shee t  G r a f o i l .  

About 60 g of NaF is then added t o  t h e  bottom of t h e  
reactor '  t o  prevent t h e  r e a c t i o n  products  from adheridg 
t o  t h e  G r a f o i l .  

The sodium ch ips  (- 600 g) a r e  t r a n s f e r r e d  t o  t h e  v e r t i c a l  
dispenser  while  argon flows through t h e  apparatus  and  out  
through t h e  top  of t h e  open d i spense r .  

6 





4 .  

5 .  

6 .  

7. 

(3. 

9 .  

The appara tus  is evacuated v h i l e  t h e  r e a c t o r  is heated ,  
a long  its l eng th  (80 cm), t o  a given tempera ture ,  
t y p i c a l l y  400OC. 

SiF4 gas  is admit ted through a low-pressure r e g u l a t o r ;  
gas  p re s su re  is c o n t r o l l e d  a t  about 1 atm. 

The sodium c h i p s  are added t o  t h e  ho t  reactor; they  
i g n i t e  immediately as i n d i c a t e d  by t h e  SiF4 f iow rate. 
The ch ips  are added so t h a t  t h e  SiF4 f low rate is cons tan t ,  
t y p i c a l l y  2.8  l i t e rs fmin .  
used (3.6 l i t e rs  SiF4/min! produced sc much h c a t  t h a t  
t h e  Pyrex reactor envelope so f t ened  and t h e  run  had to  be  
te rmina ted  . 

The l a r g e s t  flow r2te t h a t  we 

About LO min a f t e r  a l l  of t h e  sodiuru h a s  been added, t h e  
S i F  
allowed to  cooi .  

f low is stopped and t h e  appa ra tus  is evacuated and 4 

The r e a c t i o n  product  is removed from t h e  reactor, crushed 
wi th  a p l a s t i c  hammer, and mcst (but  n o t  a l l )  of any 
adher ing  G r a f o i l  is  removed. 

The r e a c t i o c  2roduct  is znalyzed for r e s i d u a l  sodiun  by 
an a c i d  t i t r a t i o n  procedure.  

4 The s o l i d  Na c h i p s  i n  t h e  d i spense r  w i l l  no t  react wi th  t h e  S i F  

gas s i n c e  t h e  d i spense r  is  a t  roon temperature;  however, two precau t ions  

are r o u t i n e l y  observed. 

hea t ing  of t h e  sodium due t o  t h e  hea t  developed by t h e  r e a c t i o n  between 

SiF and water  adsorbed onthe  sodium. Such l o c a l  hea t ing  can be s u f f i -  

c i e n t  t o  i n i t i a t e  t h e  r e a c t i o n  between SiF4 and t h e  sodium. I n  one run  

in which t h e  SiF4 was added r a p i d l y ,  t h e  Na w a s  i g n i t e d  i n  the d i spense r  

( i t  w a s  r e a d i l y  ex t inguished  by evacuat ing t h e  S i F 4 ) .  

The SiF4 is added siow1.y t o  prevent  l o c a l  

4 

Experience wi th  r e a c t o r  ope ra t ion  has  a l so  shown t h a t  o v e r - f i l l i n g  

of t h e  r e a c t o r  wi th  t h e  r e a c t i o n  products  should be avoided;  o v e r f i l l i n g  

can cause t h e  ho t  r e a c t i o n  zone t o  come tvo  c l o s e  t o  t h e  sodium ch ips  

i n  t h e  h o r i z o n t a l  ( t r a n s f e r  s e c t i o n )  of t h e  sodium d i s p e m e r .  I n  one 

experiment,  Na i g n i t e d  i n  t h e  SiF4 atmosphere i n  t h c  h o r i z o n t a l  feed 

s e c t i o n  when t h e  r e a c t i o n  products  had b u i l t  up unevenly on one s i d e  of 

t h e  r e a c t o r  t o  a he igh t  of 67 cm ( 7  cm above t h e  n i c k e l  l i n e r ) .  

a 



E. Future Plan 

Future work will proceed along two lines. First, the 13-cm reactor 

will be used to produce reaction products for melt separation and to 
evsluate the kinetics of the reaction at th i s  stage of scale-up. Second, 

an Inconel metal reactor (18  cm diameter) is under construction and it 

will be used tr- evaluate the results of scaling up cross-section area 

tvofold. The pianned 13-cm metal reactor will have a capacity of 1 kg 

Si per batch and will allow operation at elevated temperatures. Also, 

methods are mder devslqment for rapid analysis of silicon and NaZSiF 

contained i n  the react ion products. 
6 
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T U K  2 

MELT SEPARATION 

A. Modes of Operat ion 

The main goa l  of Task 2 is t o  develop a system capable  of  cont inuous 

mel t ing  of r e a c t i o n  product  produced by t h e  S i F  -Na r e a c t i o n  (Task 1 )  f o r  

t h e  s e p a r a t i o n  of S i  ai-d NaF i n t o  two d i s t i n c t  phases.  

of m e l t  s e p a r a t i o n  has  been s t aged  i n  modes of i n c r e a s i n g  complexity.  

These modes are 

4 
The development 

0 Batch h a d i n g  and me l t ing  of r e a c t i o n  products .  

a Loading ( feeding)  cont inuous ly  and me l t ing  i n  a ba tch  mode. 

0 Loading and mel t ing  cont inuous iy  w i t h  i n t e r m i t t e n t  
d i scha rge  of l i q u i d  S i  and l i q u i d  NaF. 

The f i r s t  two modes were c a r r i e d  out  wi th  k i logram-quant i t ies  of 

r eac t ion  product ir t h e  converted c r y s t a l  growing fu rnace  (Quar te r ly  

Report 13). The f i r s t  scaled-up experiments  were run wi th  r e a c t i o n  

product ob ta ined  dur ing  exp lo ra to ry  s t u d i e s  of  t h e  SiF4-Na r e a c t i o n  i n  

which rhe amount of unrea t t ed  Na and Na2SiF6 were unusual ly  h igh  (up t o  

10% of Na and 20% of  Na2SiF6). 

coa le sce  i n t o  one pool prompted a u x i l i a r y  s t u d i e s ,  desc r ibed  i n  Sec. 2.B, 

to determine t h e  e f f e c t  of sodium o x i d a t i m  products .  These ox ida t ion  

p toducts  occur  where r e s i d u a l  sodium i n  t h e  r e a c t i o n  product  combines 

wi th  atmospheric oxygen and water  vapor p r i o r  t o  mel t ing.  

The f a c t  t h a t  t h e  S i  sometimes d id  n o t  

I n  t h e  ba tch  load  and m e l t  mode, 1 .5  kg of r e a c t i o n  product  was 

loaded i n  a 6 i n .  i . d .  x 8 i n .  (15.2 cm i . d .  x 20.1 cm) g r a p h i t e  c r u c i b l e  

and heated t o  1200°C for 30 min i n  SiF4 gas  atmosphere. 

was provided t o  react wi th  prev ious ly  unreac ted  sodium i n  t h e  r e a c t i o n  

product ,  thus keeping t h e  sodium from a t t a c k i n g  t h e  g raph i t e .  

t o  achieve complete mel t ing ,  t h e  c r u c i b l e  was hea ted  t o  1450 +-20°C 

for  30 min. 

Si had melted and agglomerated i n  smal l  spheres (0 .1  to  1.0 cm in .  d ia -  

meter) on t h e  bottom of t h e  r e a c t o r .  

Th i s  atmosphere 

I n  o r d e r  

A c r o s s  s e c t i o n  of t h e  c r u c i b l e  a f t e r  mel t ing  showed t h a t  

The NaF was on t o p  of t h e  S i ,  as 
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expected, but had a hard e a r t h y  cons i s t ency  u n l i k e  t h a t  of pure NaF; 

however, on ly  NaF was d e t e c t e d  by x-ray a n a l y s i s .  

I n  the continuaus-feed batch-melt mode, 1.5 kg of product mixture  

was i n i t i a l l y  loaded i n t o  t h e  g r a p h i t e  c r u c i b l e  and 1.7 kg of  t h e  same 

product mixture  was loaded i n t o  t h e  product  f e e d e r  (see Q u a r t e r l y  Report 

No. 13 f o r  o p e r a t i n g  d e t a i l s ) .  

S i F  atmosphere t o  m e l t  t h e  NaF a l r e a d y  i n  t h e  c r u c i b l e .  A t  t h a t  tm,per- 

a t u r e ,  t h e  p roduc t s  s t o r e d  i n  t h e  f e e d e r  were added to  t h e  c r u c i b l e  

cont inuously f o r  15  min. To m e l t  t h e  s i l i c o n ,  t he  t e g p e r a t u r e  w a s  then 

r a i s e d  t o  1450 t 2OoC f o r  15 min. The r e s u l t s  ob ta ined  were similar 

t o  those  desc r ibed  f o r  t h e  b a t c h  f eed  m e l t  mode. 

was  good b u t  i n s t e a d  of coa le sc ing  i n t o  a l a r g e  pool,  s i l i c o n  formed 

several d i s c r e t e  spheres .  

i n  Task 1, t h e  r e a c t i o n  of Na h a s  been complete. When Na-free reaction 

product i s  melted,  t h e  S i  c o n s i s t e n t l y  c o a l e s c e s  i n t o  a l a r g e  pool. 

The c r u c i b l e  w a s  heated t o  1200°C i n  a n  

4 

The s e p a r a t i o n  of  phases  

I n  more r e c e n t  product ion of  r e a c t i o n  product  

With Na-free r e z c t i c n  product and t h e  c o n t i n u x s - f e e d  batch-melt 

inode i n  a c r u c i b l e  maintained under argon atmosphere a t  1450 t 2OoC, 

ba t ches  of r e a c t i o n  products  of up t o  4.5 kg were melted dnd S i  s e p a r a t i o n  

was  achieved du r ing  t h e  q u a r t e r .  

w a s  loaded i n  t h e  c r u c i b l e ,  and p a r t  w a s  loaded i n  t h e  s i d e  arm feede r .  

A f t e r  the  c r u c i b l e  load had been maintained a t  145OOC f o x  5 min, t h e  balance 

of  t h e  r e a c t i o n  product  w a s  added i n  0.2-kg increments a t  i n t e r v a l s  of 

3 min. A t  t h a t  rate,  t h e  added r e a c t i o n  product  had time t o  completely 

m e l t  be fo re  t h e  qex t  a d d i t i o n ,  as determined by obse rva t ion  through t h e  

upper window of t h e  f eede r .  A f t e r  t h e  l as t  a d d i t i o n ,  t h e  temperature 

was r a i s e d  t o  1490 f 2OoC f o r  5 min and then the  f u r n a c e  w a s  turned o f f .  

The quenched Si and NaF were e x t r a c t e d  from t h e  c r u c i h l e ;  a cross s e c t i o n  

showed good s e p a r a t i o n  between b s t h  phases. 

?art  of t h e  r e a c t i o n  product (2 kg) 

I n  both t h e  ba t ch  feed and melt s t u d i e s  and t h e  continuous feed and 

m e l t  s t u d i e s ,  high p u r i t y  S i  was obtained. Accordkg  t o  our  r e a d i l y  
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a v a i l a b l e  a n a l y t i c a l  methods, a l l  impur i ty  elements were below t h e  

d e t e c t i o n  l i m i t s  of emission spec t rog raph ic  a n a l y s i s .  

sample p r e p a r a t i o n  and s t anda rd  c a l i b r a t i c n  are p r e s e n t l y  being developed 

f o r  plasma emission spectrography.  

l i m i t s  than convent ional  emission spectrography and w i l l  be  used f o r  

improved r o u t i n e  a n a l y s i s  and f o r  cross-checking t h e  r e s u l t s  of  spa rk  

source mass spectrometry.  

Techniques of 

This  method has  lower d e t e c t a b i l i t y  

Weight l o s s e s  du r ing  me l t ing  were small ( l e s s  t han  15 w t % )  and were 

t o  NaF and v o l a t i l e  SiF4. mostly due t o  thermal decomposition of NaZSiF 

As mentioned i n  Sec. l D ,  t h e  u s e  of metal r e a c t o r s  i n  t h e  SiFq-Na r e a c t i o n  

w i l l  avoid t h e  N a  S i F  

be n e g l i g i b l e .  

w e r e n e g l i g i b l e  ( l e s s  than 2 wt%). 

coo le r  r eg ion  of t h e  g r a p h i t e  c r u c i b l e  and p ipe .  i n  p r i n c i p l e ,  bo th  

can be reciwered simply by occas iona l  h e a t i n g  of t h e  p i p e  above t h e  

me l t ing  po in t  of S i ,  a l though o u r  p r e s e n t  experimental  me l t ing  appa ra tus  

is not set  up t o  do t h i s .  With t h e s e  procedures ,  y i e l d s  c l o s e  t o  100% 

were obtained by melt ing r e a c t i o n  products  f r e e  of  unreacted Na. 

6 

formation s o  t h a t  weight loss due t o  Na SiF6 w i l l  2 6  2 
The vapor i za t ion  of NaF and t h e  vapor t r a n s p o r t  of  S i  

The NaF acd S i  are depos i t ed  i n  t h e  

B. S i l i c o n  Coalescence S t u d i e s  

The tendency of S i  t o  agglomerate i n t o  s e v e r a l  g l o b u l e s  i n s t e a d  of 

one pool ,  when us ing  r e a c t i o n  products  t h a t  contained unreacted Na and 

t h a t  had been s t o r e d  i n  a i r  p r i o r  t o  me l t ing ,  prompted a u x i l i a r y  ex- 

periments i n  an e f f o r t  t o  understand t h i s  behavior.  The a u x i l i a r y  

melt ing experiments were c a r r i e d  o u t  i n  a small i nduc t ion  furnace.  

was c l e a r l y  e s t a b l i s h e d  from t h e  r e s u l t s  t h a t  complete coalescence 

occurs  when t h e  r e a c t i o n  products  are f r e e  of an reac ted  Na. 

of p a r t i a l  coalescence was suspected t o  be t h e  presence of compounds 

formed when unreacted Na w a s  exposed t o  a i r  and moisture .  

compounds inc lude  Na20, NaOH,  S i02 ,  and Na2Si0 

were performed t o  determine the  e f f e c t  on S i  coalescence produced by 

t h e s e  compounds when they are p r c s e n t  i n  t h e  r e a c t i o n  produc,t. 

free r e a c t i o n  product t h a t  had shown good S i  coa le sceace  was mixed wi th  

each of t h e  above-mentioned compounds. The mixture  was heated t o  

I t  

The cause 

Expected 

Diagnost ic  experiments 3 '  

A sodium- 

1 2  



20°C f o r  5 min, fol lowing t h e  same temperature-time p r o f i l e  t h a t  

had r e s u l t e d  i n  complete coalescence of t he  S i  i n  t h e  o r i g i n a l  sodium-frze 

r e a c t i o n  products .  

The resu l t s ,  shown i n  Table 2,  i n d i c a t e  t h a t  t h e  presence of more 

than 10 w t X  of any of t h e  compounds, NaOH, S i 0 2 ,  o r  Na2SiOj, i n  t h e  

r eac t ion  product w i l l  cause formation of s e v e r a l  S i  g lobules  r a t h e r  than 

one complete S i  pool . .  It may be expected t h a t  a t  

formed from t h e  r e a c t i o n  Of S i  o r  S i 0  

f u f t h e r  r e a c t  wi th  NaF t o  produce f luo ro -oxys i l i ca t e  species. The pre- 

sence of such s p e c i e s  adsorbed on t h e  Si d r o p l e t  s u r f a c e  may h inde r  

d r o p l e t  coalescence.  For t h e  melt s e p a r a t i o n  system t h a t  w i l l  u t i l i z e  

continuous feed  of r e a c t i o n  product wi th  an i n t e r m i t t e n t  tapping  mode, 

a l a r g e  pool of S i  a t  t h e  bottom of t h e  c r u c i b l e  is des i r ed .  Par t ia l  

coalescence i n t o  S i  g lobu les  w i l l  no t  be a problem f o r  t h i s  mode when 

the  Na-free r e a c t i o n  products  now being produced i n  Task 1 are used. 

1450°C t h e  Na2Si03 

with Na 0 o r  NaOP may 2 2 
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Table 2 

SUMMARY OF COALESCENCE EXPERIMENTS 

Composition (wt % 1 Coalescence 

(Si + 4NaF) 
(Si + 4NaF) + 4% NaOH 
(Si + 4NaF) + 10% NaOH 
(Si + 4NaF) + 20% NaOH 

(Si + 4NaF) + 10% Na2Si0 
(Si + 4NaF) + 10% Si02 

3 

Complete 

Complete 

Complete 

Incomplete 

Incomplete 

Incomplete 
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